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SECTION  7  -  ASSESSMENT/REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 

a.  Safety. 

(1)  Spillways.  Inadequate  spillway  capacities  are  considered 
a  deficiency  which  should  be  corrected. 

(2)  Dam.  Corrective  measures,  in  our  opinion,  should  be  taken 
immediately  for  the  deficiencies  visually  observed;  i.e.,  the 
steepness  of  the  embankment,  slope  creep,  small  erosion  channels, 
seepage,  and  springs  in  the  right  abutment,  and  uncontrolled 
vegetation  on  the  downstream  slope  of  embankment  and  erosion  of  the 
outlet  channel. 

(3)  In  our  opinion,  the  services  of  a  professional  engineer 
experienced  in  the  design  of  dams  should  be  retained  to  evaluate 
these  deficiencies. 

b.  Adequacy  of  Information.  No  engineering  design  and 
construction  data  was  available  and  the  conclusions  of  this  report 
are  based  on  performance  and  external  visual  conditions.  The 
inspection  team  considers  that  these  data  are  sufficient  to  support 
the  conclusions  herein.  Seepage  and  stability  analyses  comparable 
to  the  requirements  of  the  Recommended  Guidelines  (including  seismic 
analyses)  were  not  available  and  this  is  considered  a  deficiency 
which  should  be  rectified. 

c.  Urgency .  A  program  should  be  developed  as  soon  as  possible 
to  monitor  at  regular  intervals  the  deficiencies  described  in  this 
report.  The  remedial  measures  recommended  in  paragraph  7.2  should 
be  accomplished  in  the  near  future.  The  item  recommended  in 
paragraph  7. 2. a  should  be  pursued  on  a  high  priority  basis. 

d.  Necessity  for  Phase  II.  Based  on  the  result  of  the  Phase  I 
inspection,  no  Phase  II  inspection  is  recommended. 

7 . 2  REMEDIAL  MEASURES 

a.  Alternatives.  The  spillway  will  pass  only  30  percent  of 
the  probable  maximum  flood  without  overtopping.  The  spillway 
capacity  and/or  height  of  dam  should  be  increased  to  pass  the 
probable  maximum  flood. 

b.  QAM  Procedures.  The  following  0&M  procedures  are 
recommended : 

(1)  Trees  and  excessive  vegetation  should  be  removed  from  the 
downstream  slope. 
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(2)  Smp«ci  should  be  monitored  to  determine  the  quantity  of 
flow  and  sedlMntation  and  It  is  recommended  that  corrective 

Me aurea  be  designed  by  an  experienced  professional  engineer  based 
on  appropriate  analyses. 

(3)  Spillway  channel  should  be  provided  with  erosion 
protection. 

(M)  Up-to-date  records  of  all  future  maintenance  and  repairs 
should  be  kept. 

(5)  The  dam  should  be  periodically  inspected  by  an  engineer 
experienced  in  the  design  and  construction  of  dams. 


DEPARTMENT  OF  THE  ARMY 
ST.  LOUIS  DISTRICT,  CORPS  OF  ENGINEERS 
210  NORTH  1STH  STREET 
ST.  LOUIS,  MISSOURI  63101 


SUBJECT:  Goff  Springs  Dam  (Mo.  30905) ,  Phase  I  Inspection  Report 


This  report  presents  the  results  of  field  inspection  and  evalu¬ 
ation  of  the  Goff  Springs  Dam  (Mo.  30905) . 


It  was  prepared  under  the  National  Program  of  Inspection  of 
Non-Federal  Dams . 


The  St.  Louis  District  has  classified  this  dam  as  unsafe  and 
requiring  prompt  attention  because  of  extensive  seepage,  steep 
embankment  slopes,  sloughing  of  the  downstream  slope  and  erosion 
of  the  spillway. 
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Name  of  Dam 
State  Located 
County  Located 
Stream 

Date  of  Inspection 


Goff  Springs 
Missouri 

St.  Francois  County 
Tributary  To  Bee  Run  Creek 
August  2,  1978 


Goff  Springs  Dam,  Mo.  No.  30905  was  inspected  using  the  "Recommended 
Guidelines  for  Safety  Inspection  of  Dams".  These  guidelines  were 
developed  by  the  Chief  of  Engineers,  U.  S.  Army,  Washington,  D.C.,  with 
the  help  of  Federal  and  State  agencies,  professional  engineering 
organizations,  and  private  engineers.  The  resulting  guidelines  are 
considered  to  represent  a  consensus  of  the  engineering  profession. 

Goff  Springs  Dam  was  visually  inspected  by  an  interdisciplinary  team  of 
engineers  from  Kenneth  Balk  &  Associates,  Inc.  and  Shannon  &  Wilson, 
Inc.  The  purpose  of  the  inspection  was  to  make  a  preliminary 
assessment  of  the  general  condition  of  the  dam  with  respect  to  safety 
in  order  to  determine  if,  in  the  opinion  of  the  interdisciplinary  team, 
the  dam  poses  recognizable  hazards  to  human  life  or  property.  This 
assessment  is  based  solely  upon  data  made  available  and  visual  evidence 
observed  during  the  site  visit. 

To  make  a  complete  assessment  of  the  safety  of  the  dam  would  require 
detailed  studies  and  engineering  analyses  beyond  the  scope  of  this 
preliminary  assessment. 


Based  on  the  criteria  in  the  guidelines,  the  dam  is  in  the  high  hazard 
potential  classification,  which  means  that  loss  of  life  and 
appreciable  property  loss  could  occur  in  the  event  of  failure  of  the 
dam.  The  estimated  damage  zone  extends  six  miles  downstream  of  the 
dam.  Within  the  first  half  of  a  mile  downstream  of  the  dam  are  three 
low  dams,  one  of  which  Is  about  300  feet  downstream  of  the  outfall  of 
Goff  Springs  Lake.  Also  within  the  damage  zone  are  one  farmhouse  with 
outbuildings,  one  Improved  road  crossing,  one  State  highway  bridge 
over  Big  River,  and  one  large  chicken  farm  complex.  Goff  Springs  Dam 
is  in  the  intermediate  size  classification  since  it  is  greater  than  40 
feet  high  but  les$  than  100  feet  high. 

The  Inspection  and  evaluation  Indicate  that  the  spillway  of  Goff 
Springs  Lake  does  not  meet  the  criteria  set  forth  in  the  guidelines  for 
a  dam  having  the  above  size  and  hazard  potential.  Goff  Springs  is  an 
Intermediate  size  dam  with  a  high  hazard  potential,  required  by  the 
guidelines  to  pass  the  PMF.  Considering  the  high  hazard  potential  to 
loss  of  life  and  property  downstream  of  the  dam,  the  outlet  facilities 
of  Goff  Springs  Dam  should  be  able  to  pass  the  PMF  without  overtopping 
the  dam.  However,  It  was  determined  that  the  spillway  will  only  pass 
approximately  30  percent  of  the  PMF  without  overtopping  the  dam. 


Since  the  outlet  facilities  for  Goff  Springs  Lake  are  not  capable  of 
passing  the  PMF  without  overtopping  the  dam,  the  spillway  is  considered 
inadequate  and  the  dam  is  accordingly  classified  as  an  unsafe, 
nonemergency  structure. 

The  evaluation  of  Goff  Springs  Lake  also  indicated  that  the  spillway 
will  pass  the  100-year  flood;  that  is,  a  flood  having  a  1  percent 
chance  of  being  equalled  or  exceeded  during  any  given  year. 

Deficiencies  visually  observed  by  the  inspection  team  were  seepage  and 
uncontrolled  vegetation  on  the  downstream  slope  of  the  embankment. 
Springs  were  found  on  the  right  abutment  approximately  50  feet  from  the 
junction  of  the  embankment  and  abutment.  In  addition,  the  visible 
embankment  slopes  are  steeper  than  generally  used  for  dams  of  this 
height.  Other  deficiencies,  in  our  opinion,  are  the  lack  of  seepage 
records,  operational  records,  seepage  and  stability  analyses 
comparable  to  the  requirements  of  the  recommended  guidelines  and 
seismic  stability  analyses. 


We  recommend  that  prompt  action  be  undertaken  to  correct  or  control  the 
deficiencies  described.  A  detailed  report  discussing  each  of  these 
deficiencies  is  attached. 


■rvin  H.  Baumeyer,  P.E. 
Principal-In-Charge 
Kenneth  Balk  and  Associates, 
St.  Louis,  Missouri 


Shannon  &  Wilson,  Inc. 
St.  Louis,  Missouri 
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SECTION  1  -  PROJECT  INFORMATION 


1.1  GENERAL 

a.  Authority.  The  National  Dam  Inspection  Act,  Public  Law  92- 
367,  authorized  the  Secretary  of  the  Army,  through  the  Corps  of 
Engineers,  to  initiate  a  program  of  safety  inspection  of  dams 
throughout  the  United  States.  Pursuant  to  the  above,  the  St.  Louis 
District,  Corps  of  Engineers,  District  Engineer  directed  that  a  safety 
inspection  of  the  Goff  Springs  Dam  be  made. 

b.  Purpose  of  Inspection.  The  purpose  of  the  inspection  was  to 
make  an  assessment  of  the  general  condition  of  the  dam  with  respect  to 
safety,  based  upon  data  made  available  and  visual  inspection,  in  order 
to  determine  if  the  dam  poses  hazards  to  human  life  or  property. 

c.  Evaluation  Criteria.  Criteria  used  to  evaluate  the  dam  were 
furnished  by  the  Department  of  the  Army,  Office  of  the  Chief  of 
Engineers,  in  "Recommended  Guidelines  for  Safety  Inspection  of  Dams". 
These  guidelines  were  developed  with  the  help  of  several  Federal 
agencies  and  many  State  agencies,  professional  engineering 
organizations,  and  private  engineers. 

1.2  DESCRIPTION  OF  PROJECT 

a.  Description  of  Dam  and  Appurtenances. 

(1)  The  dam  is  an  earth  structure  built  on  Bee  Run  Creek  in 
the  northern  part  of  St.  Francois  County,  Missouri.  Topography 
adjacent  to  the  valley  is  steep.  Most  of  the  area  in  the  vicinity  of 
the  dam  is  covered  with  a  layer  of  residual  soil  over  moderately 
weathered,  gray,  moderately  hard,  jointed  dolomite.  Topography  in  the 
vicinity  of  the  dam  is  shown  on  Plate  1. 

(2)  The  principal  spillway  consists  of  two  30"  corrugated 
metal  pipes  located  on  the  left  abutment.  There  is  an  emergency 
overflow  spillway  located  above  the  principal  spillway,  essentially 
consisting  of  a  swale  in  the  dam.  The  outlet  channel  is  partially 
grouted,  with  sand/cement  grout  for  a  distance  of  30  to  40  feet. 

(3)  Pertinent  physical  data  are  given  in  paragraph  1.3 

below. 

b.  Location.  The  dam  is  located  in  the  northern  portion  of  St. 
Francois  County,  Missouri*  as  shown  on  Plate  2.  The  lake  formed  by  the 
dam  is  on  the  Missouri-St.  Francois  County  Bonne  Terre  quadrangle  sheet 
in  the  SE  1/4  of  Section  23,  T38N,  R4E. 

c.  Size  Classification.  Criteria  for  determining  the  size 
classification  of  dams  and  impoundments  are  presented  in  the  guide¬ 
lines  referenced  in  paragraph  1.1c  above.  Based  on  these  criteria, 
this  dam  and  impoundment  is  in  the  intermediate  size  category. 
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d.  Hazard  Classification.  Guidelines  for  determining  hazard 
classification  are  presented  in  the  same  guidelines  as  referenced  in 
paragraph  c  above.  Based  on  referenced  guidelines,  this  dam  is  in  the 
High  Hazard  Classification. 

e.  Ownership.  This  dam  is  owned  by  American  Triad  Corporation, 
2006  Truman  Boulevard,  Crystal  City,  Missouri  63019. 

f.  Purpose  of  Dam.  The  dam  forms  a  recreational  lake. 

g.  Design  and  Construction  History:  There  are  no  known  design 
plans  or  construction  records.  Information  supplied  by  the  Corps  of 
Engineers,  indicates  that  the  construction  of  the  dam  was  completed  in 
1973. 


h.  Normal  Operating  Procedure.  No  operating  records  were 
found.  Outflow  passes  through  uncontrolled  spillways.  Normal 
rainfall,  runoff,  spillway  discharge,  transpiration,  and  evaporation 
all  combine  to  maintain  a  relatively  stable  water  surface  elevation. 

1.3  PERTINENT  DATA 

a.  Drainage  Area  -  151  acres. 

b.  Discharge  at  Damsite. 

(1)  30  inch  pipe  spillways  -  80.4  cfs.  at  maximum  pool. 

(2)  Emergency  spillway  -  148.6  cfs.  at  maximum  pool. 

(3)  Estimated  experienced  maximum  flood  -  approximately  two  feet 
below  top  of  dam. 

c.  Elevation  (U.S.G.S.) 

(1)  Top  of  dam  -  782.7+. 

(2)  Invert  of  pipe  spillway  -  777.9. 

(3)  Spillway  Crest  -  777.9. 

(4)  Streambed  at  Centerline  of  Dam  -  710+ . 

(5)  Maximum  tailwater  -  unknown. 

d.  Reservoir.  Length  of  maximum  pool  -  1900  feet  +. 

e.  Storage  (Acre-feet). 


(1)  Top  of  dam  -  24. 

(2)  Spillway  crest  -  20. 

g.  Pam. 

(1)  Type  -  earth  embankment. 

(2)  Length  -  500  feet. 

(3)  Height  -  73  feet  maximum. 

(4)  Top  width  -  8  feet. 

(5)  Side  Slopes  -  (Measured  by  Brunton  Compass  in  degrees  and 
converted  to  ratios.) 

(a)  Downstream  -  Upper  15  ft.  0.854  H.  to  1  Vlower  Slope  - 
1.75  H.  to  1  V. 

(b)  Upstream  -  1.2  H.  to  1  V.  to  water  line 

(6)  Zoning  -  unknown 

(7)  Impervious  core  -  unknown 

(8)  Cutoff  -  unknown 

(9)  Grout  curtain  -  unknown 

h.  Diversion  and  Regulating  Tunnel.  -  None. 

i.  Principal  Spillway. 

(1)  Type  -  two  30"  diameter  corrugated  metal  pipes. 

(2)  Crest  elevation  -  777.9  U.S.G.S. 

j.  Emergency  Overflow  Spillway 

(1)  Type  -  earth  swale,  generally  trapezoidal  to  circular  in 
section,  located  above  the  principal  spillway  pipes. 

(2)  Invert  at  lakeside  780.8  (USGS). 
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SECTION  2  -  ENGINEERING  DATA 


2.1  DESIGN 

No  design  data  were  found  to  be  readily  available. 

2.2  CONSTRUCTION 

The  dam  was  completed  in  1973  according  to  information  supplied  by 
the  Corps  of  Engineers.  No  other  information  was  available. 

2.3  OPERATION 

No  records  of  the  maximum  loading  on  the  dam  were  available. 

2.4  EVALUATION 

a.  Availability.  No  engineering  or  geological  data  were 
readily  available. 

b.  Adequacy.  No  engineering  data  was  made  available  to  make  a 
detailed  assessment  of  the  design,  construction,  and  operation.  The 
lack  of  seepage  and  stability  analyses  comparable  to  the  requirements 
of  the  Recommended  Guidelines  is  considered  a  deficiency  which  should 
be  corrected.  An  engineer  experienced  in  the  design  of  dams  should  be 
retained  to  perform  detailed  seepage  and  stability  analyses  for 
appropriate  loading  conditions  (including  earthquake  loads)  and  make 
the  results  a  matter  of  record. 

c.  Validity.  No  valid  engineering  data  on  design  were 
available. 
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SECTION  3  -  VISUAL  INSPECTION 


3.1  FINDINGS 

A.  General.  A  visual  inspection  of  the  Goff  Springs  Dam  was 
carried  out  on  August  2,  1978.  Personnel  making  the  inspection  were 
enployees  of  Kenneth  Balk  and  Associates,  Inc.  and  Shannon  and  Wilson, 
Inc.  of  St.  Louis  and  included  civil,  geotechnical,  and  structural 
engineers  and  an  engineering  geologist.  Specific  observations  are 
discussed  below. 

B.  Dam.  The  inspection  team  observed  the  following  items  at  the 
dam.  The  dam  is  an  earth  structure  with  a  narrow,  irregular  crest. 
The  height  of  the  dam  was  raised  recently  with  random  material 
containing  soil  and  rock  debris.  The  original  crest  of  the  dam  could 
not  be  inspected  for  possible  cracks  due  to  this  recent  construction. 
The  downstream  face  of  the  embankment  below  the  steep  upper  slope  is 
soft  and  marshy. 

Light  riprap  without  an  apparent  filter  was  noted  on  the 
upstream  slope  of  embankment  in  fairly  good  condition.  The  right 
abutment  of  the  dam  at  the  crest  apparently  was  prepared  by  excavating 
material  from  the  abutment  slope  against  which  the  embankment  was 
placed.  Seepage  was  found  primarily  at  the  contacts  of  dam  with  the 
abutments.  Seepage  in  the  lower  half  of  the  embankment  height  was  more 
at  the  right  abutment  than  on  the  left  abutment.  Total  seepage 
downstream  of  the  toe  was  estimated  to  be  20  to  50  gpm.  In  addition, 
small  springs  were  noted  approximately  50  feet  downstream  from  the 
juncture  of  the  dam  and  the  right  abutment. 

Indications  of  some  slope  creep  were  observed  at  the  contact 
of  the  embankment  and  the  right  abutment.  Rain  erosion  on  a  small 
scale  was  also  noted  at  scattered  places  on  the  downstream  slope.  The 
downstream  slope  was  covered  with  blackberry  bushes  below  the  crest  and 
a  line  of  small  trees,  including  cottonwoods,  were  growing 
approximately  half-way  up  the  slope.  The  dam  has  approximately  4.8 
feet  of  freeboard. 

C.  Appurtenant  Structures.  The  principal  spillway,  consisting 
of  two  30  inch  diameter  CMP's  is  located  at  the  juncture  of  the  dam 
with  the  left  abutment.  From  visual  inspection,  it  was  not  possible  to 
determine  if  the  30  inch  CMP's  are  placed  in  the  abutment  or  in  the 
dam,  but  our  impression  is  that  they  probably  are  placed  within  the 
dam.  Above  the  two  CMP's  is  an  unlined  emergency  overflow,  (see  Photo 
4).  The  spillway  outlet  channel  is  cut  in  residual  soil  with  the  first 
30  to  40  feet  of  the  channel  surfaced  with  a  sand-cement  grout  to 
minimize  erosion.  Downstream  of  the  surfaced  channel,  the  exposed 
residual  soil  is'  being  eroded  and  the  grouted  portion  is  being 
undercut. 


D.  Reservoir  Area.  No  wave  wash,  excessive  erosion  or  slides 
were  observed  along  the  shore  of  the  reservoir. 
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E.  Dam  Site  Geology. 


Left  Abutment:  Left  abutment  of  the  dam  and  the  surrounding 
areas  upstream  and  downstream  are  covered  with  a  thick  layer  of  red, 
silty  clay  containing  some  angular  to  subangular  pieces  of  gray 
dolomite  except  about  1,000  feet  downstream  on  the  right  abutment  where 
a  small  bedrock  outcrop  is  present.  The  outcrop  consists  of  moderately 
jointed  dolomite.  Due  to  the  small  size  of  the  outcrop,  dip  and  strike 
of  the  joints  could  not  be  determined.  No  oolitic  chert  or  mold-casts 
of  gastropods,  which  are  characteristics  of  the  Eminence  Formation  or 
quartz  druse  which  is  characteristic  of  the  Potosi  Formation  were 
observed;  hence  it  is  difficult  to  identify  the  formation  by  visual 
inspection. 

Right  Abutment;  The  right  abutment  and  the  surrounding  area 
upstream  and  downstream  lire  covered  with  a  thick  layer  of  silty  clay 
containing  some  random  pieces  of  gray,  hard,  compact,  moderately 
weathered  dolomite.  These  pieces  are  angular  to  subangular  and  range 
from  one  inch  to  three  inches  in  size.  No  outcrop  of  bedrock  is 
present. 

3.2  EVALUATION 

The  conditions  observed,  in  our  opinion,  are  significant  enough  to 
indicate  a  need  for  immediate  remedial  action.  In  the  opinion  of  the 
inspection  team,  the  services  of  a  professional  engineer  experienced 
in  the  design  of  dams  should  be  obtained  immediately  to  evaluate  the 
deficiencies  noted,  i.e.  the  steepness  of  the  embankment,  slope  creep, 
small  erosion  channels,  seepage,  uncontrolled  vegetation  on  the 
downstream  slope  of  embankment,  and  springs  in  the  right  abutment. 
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SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 

No  regulating  structure  exists  at  this  dam.  The  lake  level  is 
affected  by  rainfall,  runoff,  evaporation,  and  the  capacity  of  the 
uncontrolled  spillways. 

4.2  MAINTENANCE  OF  DAM 

No  maintenance  records  of  the  dam  were  available.  The  amount 
and  size  of  the  vegetation  on  the  embankment  suggest  that  maintenance, 
if  any,  has  not  been  regular. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES 
No  operating  facilities  exist. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEM  IN  EFFECT 

The  inspection  team  is  not  aware  of  any  existing  warning  system 
for  this  dam. 

4.5  EVALUATION 

In  our  opinion,  a  regular  program  of  vegetation  control  is 
desirable  and  in  view  of  the  serious  deficiencies  noted,  a  warning 
system  should  be  immediately  established  and  maintained. 
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SECTION  5  -  HYDRAULIC/HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES 

a.  Design  Data.  There  were  no  hydraulic  and  hydrological 
design  data  made  available. 

b.  Experience  Data.  The  drainage  area  and  lake  surface  area  are 
developed  from  USG$  Bonne  Terre  Mo.  Quadrangle.  The  spillway  and  dam 
layout  are  from  surveys  made  during  the  inspection. 

c.  Visual  Observations. 

(1)  The  two  30  inch  CMP  pipe  spillways  and  outlet  channel  are  in 
adequate  condition.  The  spillway  outlet  channel  is  located  at  the  left 
or  east  abutment.  Spillway  discharges,  in  our  opinion,  will  continue 
to  erode  the  outlet  channel  and  endanger  the  integrity  of  the  dam. 

(2)  The  discharge  from  the  emergency  overflow  spillway,  which  is 
located  above  the  pipe  spillways,  will  also  endanger  the  dam's 
integrity. 


d.  Overtopping  Potential.  The  principal  and  overflow  spillways 
have  been  found  to  be  inadequate  to  pass  the  Probable  Maximum  Flood 
(PMF)  without  overtopping  the  dam.  The  probable  maximum  flood  is 
defined  as  the  flood  discharge  that  may  be  expected  from  the  most 
severe  combination  of  critical  meteorological  and  hydrologic  con¬ 
ditions  that  are  reasonably  possible  in  the  region. 

For  the  PMF,  the  dam  would  be  overtopped  to  a  maximum  height  of 
approximately  2.6  feet  with  a  duration  of  overtopping  of  approximately 
5.5  hours  and  a  maximum  discharge  rate  of  1530  cfs.  In  our  opinion, 
failure  of  the  dam  may  be  expected  to  occur  as  a  result  of  overtopping 
for  this  length  of  time. 

The  spillways  have  been  fcund  to  be  adequate  to  pass  a  flood  of 
approximately  thirty  percent  (3p%)  of  the  PMF. 

The  spillways  have  been  found  to  be  adequate  to  pass  the  100-year 
flood,  which  has  a  1*  chance  of  being  equalled  or  exceeded  at  least 
once  during  any  given  year. 

The  estimated  damage  zone  extends  six  miles  downstream  of  the  dam. 
Within  the  first  half  of  a  mile  downstream  of  the  dam  are  three  low 
dams,  one  of  which  is  about  300  feet  downstream  of  the  spillway  channel 
outfall  of  Goff  Springs  Lake.  Also  within  the  damage  zone  are  one 
farmhouse  with  outbuildings,  one  Improved  road  crossing,  one  State 
highway  bridge  over  Big  River,  and  one  large  chicken  farm  complex. 
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SECTION  6  -  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observations.  Visually  observed  conditions  which  can 
affect  the  structural  stability  of  this  dam  have  been  discussed  in 
Section  3. 


b.  Design  and  Construction  Data.  No  design  or  construction 
data  relating  to  the  structural  stability  of  the  dam  were  found  except 
that  discussed  in  Section  1.2. 

c.  Operating  Records.  No  appurtenant  structures  requiring 
operation  exist  at  the  dam. 

d.  Post-Construction  Changes.  No  post-construction  changes  are 
known  or  apparent  except  that  discussed  in  Section  3. 

e.  Seismic  Stability.  Goff  Springs  Dam  is  located  in  Seismic 
Zone  2.  Since  no  engineering  design  data  was  available,  an  evaluation 
of  the  seismic  stability  of  the  dam  could  not  be  made  and  the  effect  of 
an  earthquake  of  the  magnitude  expected  in  this  zone  on  a  dam  of  this 
type  and  size  could  not  be  assessed. 
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SECTION  7  -  ASSESSMENT/REMEDIAL  MEASURES 


7.1  DAM  AND  SPILLWAY  ASSESSMENT 

a.  Safety. 

(1)  Spillways  -  Inadequate  spillway  capacities  are  considered  a 
deficiency  which  should  be  corrected. 

(2)  Dam  -  Corrective  measures,  in  our  opinion,  should  be  taken 
immediately  for  the  deficiencies  visually  observed,  i.e.,  the  steep¬ 
ness  of  the  embankment,  slope  creep,  small  erosion  channels,  seepage, 
and  springs  in  the  right  abutment,  and  uncontrolled  vegetation  on  the 
downstream  slope  of  embankment  and  erosion  of  the  outlet  channel. 

Seepage  and  stability  analyses  comparable  to  the 
requirements  of  the  'Recommended  Guidelines  for  Safety  Inspection  of 
Dams’  were  not  available,  which  is  considered  a  deficiency. 

(3)  In  our  opinion,  the  services  of  a  professional  engineer 
experienced  in  the  design  of  dams  should  be  retained  to  evaluate  these 
deficiencies. 

7.2  REMEDIAL  MEASURES 

a.  O&M  Procedures.  The  following  O&M  procedures  are 
recommended  and  should  be  implemented  immediately. 

(1)  Trees  and  excessive  vegetation  should  be  removed  from  the 
downstream  slope. 

(2)  Seepage  should  be  monitored  to  determine  the  quantity  of 
flow  and  sedimentation  and  it  is  recommended  that  corrective  measures 
be  designed  by  an  experienced  professional  engineer  based  on 
appropriate  analyses. 

(3)  Spillway  channel  should  be  provided  with  erosion  protection. 

(4)  Up-to-date  records  of  all  future  maintenance  and  repairs 
should  be  kept. 

(5)  Spillway  capacity  and/or  height  of  dam  should  be  increased 
to  pass  100  percent  (100%)  of  the  Probable  Maximum  Flood. 

(6)  The  dam  should  be  periodically  inspected  by  an  engineer 
experienced  in  the  design  and  construction  of  dams. 


10 


O  ' 


(  J  t  r  f  l  rl  SON  |  C  Ob  u  i  i  / 

i  / 


? 

i. 


/V 

Cp° 


s 

BIG  ' 
RIVER 


^7  XL--,/'ST-  FRANCOIS 

;  STATE  PARK 

n  T 

/  !  (  I 


BONNE 

TERRE 


ST.  FRANCOIS 

COUNTY 


GOFF 
SPRINGS 
^  LAKE 


MISSOURI 


VICINITY  !/.  A  P 


$  C  A :  r  j  n  u :  i  Z 


10"  C  0' 


LOCATION  WAP 


•  *  C i t  f  IN  U 1 1  [ 


PL  A  T  E  2 


GOFF  SPRINGS  LAKE 


ro 


<  CO 

°g 


H 
§ 
o  y 

I  LU 


o 

Q_ 


I 


I 


iflUllfiiBtllriirm 


SCALE.1  I‘=  100  -♦  PLATE 


PHOTO  |:  Overview  of 


PHOTO  2 


PHOTO  4 


Entrance  of  Spillway  Pipes, 
Emergency  Overflow  above  Pipes. 


APPENOIX  A 


HYDROLOGIC  AND  HYDRAULIC  ANALYSIS  METHODOLOGY 


hyGrolDgic  and  hydraulic  analysis  methodology 

1.  The  hydrologic  analysis  used  in  development  of  the  overtopping 
potential  is  based  on  applying  a  hypothetical  storm  to  a  unit  hydro¬ 
graph  to  obtain  the  inflow  hydrograph  for  a  reservoir  routing.  The 
Probable  Maximum  Precipitation  is  derived  and  determined  from  regional 
charts  prepared  by  the  National  Weather  Service  in  "Hy¬ 
drometeorological  Report  No.  33."  Reduction  factors  have  not  been 
applied.  A  24-hour  storm  duration  is  assumed  with  the  total  rainfall 
depth  distributed  over  6-hour  periods  in  accordance  with  procedures 
outlined  in  EM  1110-2-1411  (SPF  Determination).  The  maximum  6-hour 
rainfall  period  is  then  distributed  to  hourly  increments  by  the  same 
criteria.  Within*the-hour  distribution  is  based  upon  NOAA  Technical 
Memorandum  NWS  HYDRO-35.  The  nonpeak  6-hour  rainfall  periods  are 
distributed  uniformly.  All  distributed  values  are  arranged  in  a 
critical  sequence  by  the  SPF  criteria.  The  final  inflow  hydrograph  is 
produced  by  utilizing  the  Soil  Conservation  Service  triangle  unit 
hydrograph  using  Hydrologic  Soils  Group  "B"  and  Antecedent  Moisture 
Condition  III,  and  SCS  CN  82  used  to  determine  rainfall  excess. 

2.  The  reservoir  routing  is  accomplished  by  using  Modified  Puls 
routing  techniques  wherein  the  flood  hydrograph  is  routed  through  lake 
storage.  Hydraulic  capacities  of  the  outlet  works,  spillway,  and  crest 
of  dam  are  used  as  outlet  controls  in  the  routing.  Storage  in  the  pool 
area  is  defined  by  an  elevation-storage  capacity  curve.  The  hydraulic 
capacity  of  the  outlet  works,  spillway,  and  top  of  dam  are  defined  by 
elevation-discharge  curves. 

3.  Dam  overtopping  analysis  has  been  conducted  by  hydrologic  methods 
for  this  dam  and  lake.  This  computation  determines  the  percentage  of 
the  PMF  hydrograph  that  the  reservoir  can  contain  without  the  dam  being 
overtopped.  An  output  summary  in  the  hydrologic  appendix  displays  this 
information  as  well  as  other  characteristics  of  the  simulated  dam 
overtopping. 

4.  The  above  methodology  has  been  accomplished  for  this  report  using 
the  systemized  computer  program  HEC-1  (Dam  Safety  Version),  July  1978, 
prepared  by  the  Hydrologic  Engineering  Center,  U.S.  Army  Corps  of 
Engineers,  Davis,  California.  The  numeric  parameters  estimated  for 
this  site  are  listed  in  the  attached  computer  printout.  Definitions  of 
these  variables  are  contained  in  the  "User's  Manual"  for  the  computer 
program. 

5.  The  inflow  hydrograph  was  routed  through  the  reservoir  using  HEC- 
l's  Modified  Puls  option.  Releases  were  calculated  for:  1)  the 
principal  spillway  and,  2)  the  overflow  spillway,  and  3)  the  flow  over 
the  top  of  the  dam.  "‘hese  releases  were  then  combined  at  each  of  their 
respective  elevations. 


Flow  through  t.ne  principal  spillway,  two  30  inch  diameter 
corrugated  metal  pipes,  approximately  50.5  feet  in  length  was  obtained 
as  follows: 

For  Part  Full  Flow: 

Stage  =  E.G.  +  hg 

Where  Stage  =  Pool  Elevation 

2 

E.G.  =  Energy  Gradient  Elevation  in  pipe  =  df  +  V 

2g 

2 

h0  =  entrance  loss  =  ka  V  ,  with 
6  6 Zg 

ke  =  0.5 

df  s  depth  of  flow  for  a  given  discharge 
2 

V  *  velocity  head 

2g 

The  equation  then  reduces  to: 

Stage  *  IE  +  df  +  1.5 

2g 

Where  IE  =  Invert  elevation  upstream  =  777.94 

For  Full  And  More  Than  Full  Flow: 

Stage  *  IE  +  D  +  +  +  h 

2g  r  e 

Where  Stage  *  Pool  Elevation 

IE  *  Invert  elevation  downstream  =  776.65 

0  =  Diameter  of  pipe  =  2.5  feet 

v£  *  Velocity  head 
2g 

2 

h,  =  Friction  loss  =  Q  x  L 

Kc 

Q  =  Discharge  in  cfs. 

Kj.  *  Conveyance  coefficient  =  213.3 

L  *  Length  *  50.5  feet 

he  *  Entrance  loss  =  kg  V2 

2g  .  w1th  ke  =  0.5 


With  proper  substitution  of  numbers,  the  equation  reduces  to: 


Flow  through  the  overflow  spillway  and  over  the  top  of  dam 
was  calculated  using  the  weir  flow  equation: 

Q  =  CL(H)1,5 

where:  C  =  Varies  with  head  as  outlined  in  "Handbook  of 

Hydraulics"  by  Horace  Williams  King,  revised 
by  Ernest  F.  Brater. 

L  *  Length  in  feet  (varies  with  water  surface) 

H  =  Head  of  water  in  feet  (varies  with  water  surface) 
Q  *  Discharge  in  cfs 
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